Abstract. Tumor protein p53 (TP53) is the best-known tumor suppressor gene and plays a crucial role in carcinogenesis. The TP53 arg 72 Pro polymorphism has been reported to be a risk factor for several types of cancer, but its association with pancreatic cancer has not been fully evaluated. Therefore, we investigated the effects of this polymorphism on pancreatic cancer in relation to smoking and drinking habits by examining the distribution of the SnP genotypes in 226 pancreatic cancer patients and 448 healthy controls. The frequencies of arg/arg, arg/Pro and Pro/Pro were found to be 37, 49 and 15% in the pancreatic cancer cases and 44, 46 and 10% in the controls, respectively. compared to the controls with the arg/arg genotype, cases with Pro/Pro homozygosity exhibited a significantly increased risk [adjusted odds ratio (OR)=1.70; 95% confidence interval (CI) 1.01-2.88]. In stratified studies, the association was particularly strong in males (or=2.62; 95% ci 1.32-5.23), particularly in those smoking in excess of 20 pack-years and drinking in excess of 23 g ethanol/day (or=5.02; 95% ci 1.12-22.51). We found that the TP53 Pro/Pro genotype compared to the arg/arg genotype had a profound effect on pancreatic cancer risk among males, particularly among heavy smokers and excessive alcohol drinkers.
Introduction
Pancreatic cancer is a leading cause of cancer-related death, ranking fifth in Japan (1) , fourth in the US (2) and fifth in europe (3) . The number of pancreatic cancer patients is gradually increasing as the population ages (1) . although newly-developed anti-cancer drugs such as gemcitabine and molecular-targeted agents have been used for treatment (4), the 5-year relative survival rate remains below 5-7% (1, 2) . Pancreatic cancer has a dismal prognosis, in part because only 15-20% of patients have resectable disease at the time of diagnosis (5) . This means that in most patients with pancreatic cancer, the disease is diagnosed at too late a stage to be appropriately treated, eliminating their chances of survival. For early detection strategy, various predisposing factors to pancreatic cancer have been reported, including age (6,7), gender (8, 9) , smoking (10, 11) , obesity (12, 13) , diabetes mellitus (14, 15) , diet (16, 17) (a high intake of fried food has been associated with increased risk and a high intake of folate from food sources, such as vegetables and fruits, with reduced risk), pancreatitis (18, 19) , inherited genetic factors such as hereditary breast and ovarian cancer syndrome, familial atypical multiple mole melanoma, Peutz-Jeghers syndrome, ataxia-telangiectasia and hereditary non-polyposis colorectal cancer (20, 21) . at present, however, there is no established method to narrow down a high-risk group in the general population.
in recent years, single-nucleotide polymorphisms (SnPs) have received much attention as candidates for new diagnostic biomarkers. associations between pancreatic cancer risk and SnPs in particular genes have been reported, such as the udP-glucuronosyltransferase (22) , n-acetyltransferase 1 (23), X-ray repair cross-complementing group 1 (Xrcc1) (24) , group 2 (Xrcc2) and group 3 (Xrcc3) (25), 5,10-methylenetetrahydrofolate reductase (26, 27) , methionine synthase reductase (28) and cyclooxygenase-2 (29) . Tumor protein p53 (TP53) is the best-known tumor suppressor gene and plays a crucial role in carcinogenesis. The polymorphism arg 72 Pro has been reported to be a risk factor for various types of cancer, including pancreatic cancer, among numerous ethnicities (30) (31) (32) (33) (34) (35) (36) (37) (38) . To our knowledge, this is the first report showing that a polymorphic variant of the TP53 codon 72 is associated with pancreatic cancer susceptibility in a subset of the Japanese population.
TP53 codon 72 polymorphism is associated with pancreatic cancer risk in males, smokers and drinkers Materials and methods
Subjects. The case group comprised 226 patients with pancreatic cancer (132 men, 94 women; mean age 65.0±10.0 years). The cases were treated at okayama university hospital or Okayama Saiseikai hospital (Okayama, Japan). Pancreatic cancer was diagnosed histopathologically by endoscopic retrograde cholangiopancreatography and/or endoscopic ultrasound-guided fine needle aspiration, resected specimen or other modalities. Clinical and histopathological classification of the tumors were made according to the criteria of the uicc Tumor-node-metastasis Classification of malignant Tumors (TnM), 6th edition, 2002. The hospitals accept patients from Okayama and other prefectures in Japan. Controls were from two sources: 202 healthy individuals recruited from a cohort study in a Japanese general population older than 40 years of age in a town near Saitama cancer center (39) , and 246 healthy individuals from kusaka hospital in okayama. all cases and controls were Japanese. The age, gender, personal medical history, family history of disease, and smoking and drinking habits of the subjects were obtained via questionnaires and medical records from kusaka hospital, okayama Saiseikai hospital and okayama university hospital. Written informed consent was obtained from all pancreatic cancer cases and healthy controls. The study was approved by the Bioethics committee of okayama university Medical School.
DNA isolation and genotyping. The genomic dna of the 226 cases and 446 healthy controls was extracted from peripheral lymphocytes using sodium dodecyl sulfate/proteinase k treatment, phenol-chloroform extraction and ethanol precipitation. genotyping of the TP53 arg 72 Pro polymorphism was carried out by the SnaPshot method (applied Biosystems, Foster City, CA, USA). Genomic DnA (50 ng/µl) was first amplified using Taq DnA polymerase (Takara, Shiga, Japan) and a primer set (sense 5'-gacTgcTcTTTTcacccaTcTa; anti-sense 5'-TgcagggggaTacggccag). Polymerase chain reaction (PCR) parameters were: 94˚C for 3 min, followed by 32 cycles at 94˚C for 30 sec, 60˚C for 30 sec and 70˚C for 30 sec, and a final extension step at 72˚C for 7 min. After amplification, the PCR products were purified by exoSAP (exonuclease I and shrimp alkaline phosphatase) at 37˚C for 90 min and 75˚C for 15 min. After the treatment, the PCR product was amplified by SnaPshot Ready Reation mix and typing primer (5'-TTTTTTTTTTTTTTTTTTTTTTTTTTT TTTTTTTTcccagaaTgccagaggcTgcTcccc). The genotype was determined by the aBi3100 sequencer (applied Biosystems) after purification by SAP and analyzed by geneMapper 3.0 software (applied Biosystems).
Statistical analysis. The allele frequencies of the polymorphism TP53 were compared between pancreatic cancer cases and healthy controls. The distribution of the genotype (arg/ arg, arg/Pro, Pro/Pro) was tested for adherence to hardyWeinberg equilibrium in all of the cases and the controls. The chi-square test was used to compare the genotype distribution between the cases and controls. one-way anoVa was used to evaluate the association between age of onset and the TP53 polymorphism. Odds ratios (ORs) and 95% confidence intervals (95% cis) were used to estimate the risk associated with the genotype. The or and 95% ci were adjusted for age, gender, and history of smoking and drinking by an unconditional logistic regression model using SPSS software ver. 12.0 (SPSS Inc., Tokyo, Japan).
Results
The characteristics of the 226 pancreatic cancer cases and 446 healthy controls are shown in Table Ⅰ . There were no significant differences in terms of gender or smoking and drinking habits between the two groups, but there was a difference in age distribution (P=0.029).
The frequencies of the genotypes and alleles in the TP53 gene are shown in Table Ⅱ . The frequencies of Arg/Arg, Arg/ Pro and Pro/Pro were found to be 37, 49 and 15% in the pancreatic cancer cases, and 44, 46 and 10% in the controls, respectively. all of the results were in hardy-Weinberg equilibrium. compared to the controls with the arg/arg genotype, cases with Pro/Pro homozygosity exhibited an increased risk with statistical significance (adjusted OR=1.70; 95% CI 1.01-2.88).
next, we examined the association between the TP53 arg 72 Pro genotypes and the risk of pancreatic cancer in relation to gender and history of smoking and drinking (Table Ⅲ) . The adjusted or of the pancreatic cancer cases in males and in smokers with Pro/Pro was 2.62 (95% ci 1.32-5.23) and 2.46 (95% ci 1.18-5.15), respectively. in drinkers, the same genotype exhibited a marginal risk (or=2.56; 95% ci 0.99-6.54), whereas there were no significant associations between the TP53 arg 72 Pro genotypes and the risk of pancreatic cancer among females, non-smokers and non-drinkers. as shown in Table Ⅳ , smokers and drinkers were stratified according to the amount of smoking and drinking. A light smoker was defined as smoking <20 pack-years and a heavy smoker as ≥20 pack- years, while a moderate drinker was defined as drinking <23 g ethanol/day and an excessive drinker as ≥23 g ethanol day.
Twenty-three grams ethanol is nearly equal to one cup of Japanese sake. It was not possible to obtain the smoking status for 3 of the 226 cases and 7 of the 448 controls, or the drinking status for 8 of the 226 cases and 5 of the 448 controls. The results showed statistically significant associations between pancreatic cancer risk and heavy smoking (or=2.46; 95% ci 1.01-6.02), as well as excessive drinking (or=3.66; 95% ci 1.07-12.56).
The potential association of the TP53 arg 72 Pro genotypes was further investigated with a focus on smoking and alcohol consumption in males and females (Table Ⅴ) . There was no significant association among males without a history of smoking and drinking, while there was a strong association between Pro/Pro homozigosity compared to the reference arg/ arg genotype (or=5.02; 95% ci 1.12-22.51) in males with a history of smoking and/or drinking, particularly heavy smoking (≥20 pack-years) and excessive drinking (≥23 g ethanol/day. There were no significant differences among females with or without a history of smoking and/or drinking.
To evaluate the association between age of onset and the TP53 polymorphism, each TP53 variant was tested by one-way AnOVA. The results were not statistically significant (P=0.19). however, when the subjects were divided into two groups (<65 years and ≥65 years), the Pro/Pro polymorphism was found to be associated with the ≥65 years group (OR=2.00; 95% CI 1.03-3.90) ( Table Ⅵ) . There was no significant association between the TP53 arg 72 Pro genotypes and the clinical characteristics of the pancreatic cancer patients (data not shown).
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Discussion
The TP53 gene contributes to a variety of cellular processes, including stress response, dna repair, apoptosis, cell cycle control and gene expression (40). The codon 72 polymorphism causes an amino-acid substitution of arginine to proline and is located within a proline-rich region of p53. Functional analyses have suggested that codon 72 polymorphic variants of p53 have different effects on the cell cycle and apoptosis (41) (42) (43) . The TP53 arg 72 Pro polymorphism has been reported to be associated with the risk of various types of cancer, but to our knowledge has not been fully examined in pancreatic cancer. Thus, the TP53 codon 72 polymorphism was selected as the target of our investigation. as demonstrated in numerous epidemiologic studies, smoking is a risk factor for pancreatic cancer (44) . however, the effect of alcohol is controversial (45) . increased alcohol consumption has been found to linearly elevate the risk of cancer (46) . To moderate the amount of alcohol consumed by the Japanese, limits on daily ethanol intake have been recommended by the Ministry of health, labor and Welfare (20 g ethanol/day; healthy Japan 21, a national health care movement) and by 'development and evaluation of cancer Prevention Strategies in Japan' (23 g ethanol/day). The recommended daily maximum amount of alcohol is nearly equivalent to one cup of Japanese sake (23 g ethanol). We defined subjects who drink less than one cup of Japanese sake per day as moderate drinkers and those that consume one cup or more per day as excessive drinkers. The data showed that Pro/Pro homozygosity is a risk factor for pancreatic cancer compared to arg/arg homozygosity among smokers and drinkers, in particular heavy smokers and excessive drinkers. alcohol is not a direct risk factor for pancreatic cancer, but is metabolized to acetaldehyde, a carcinogenic agent. approximately half of the Japanese individuals were found to have a deficient phenotype for aldehyde dehydrogenase-2 (aldh2), a key enzyme in the conversion of acetaldehyde to acetate (46) . This suggests that the metabolic production of alcohol affects pancreatic cancer risk among Japanese drinkers.
in addition, the data showed that the TP53 arg 72 Pro polymorphism was strongly associated with male patients who were heavy smokers and excessive drinkers, with stratification according to the amount of smoking and drinking. however, since Pro/Pro homozygosity had a low frequency in the controls (3%), it cannot be excluded that the association was spurious. nevertheless, when we evaluated the genotype Table Ⅳ . effect of tobacco and alcohol consumption in cases with the TP53 genotype compared to controls. among males with a history of smoking and/or drinking, there was still a strong association between the genotype and pancreatic cancer risk (or=2.93; 95% ci 1.38-6.26; data not shown). The combination of smoking and drinking is known to be associated with an increased risk of cancer (46) . a high prevalence of k-ras mutations in drinkers and smokers with pancreatic cancer has been reported (47) . The combination of smoking and drinking may be associated with TP53 Pro/Pro homozygosity, and may act additively to contribute to the risk of pancreatic cancer. many SnPs have been reported to be gender-specific (48), but there is no explanation for why the TP53 arg 72 Pro polymorphism is associated only with males. Thus, being male may itself be a risk factor for pancreatic cancer. The association of TP53 arg 72 Pro with pancreatic cancer risk in males may be involved in gender-specific pancreatic cancer onset, which may partially reflect specific causes, such as hormone and environmental factors.
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Several lines of data have shown that the Pro/Pro genotype is associated with an earlier age of onset in various types of cancer (49) (50) (51) . The data showed no association between age at diagnosis and TP53 genotypes as a whole. however, when subjects were stratified according to age distribution (divided into two age groups, <65 years and ≥65 years), there was a significant difference among the ≥65 years group in terms of the proportion of patients with the Pro/Pro genotype compared Table Ⅴ . Combined effects of tobacco and alcohol consumption in cases with the TP53 genotype compared to controls.. TableⅥ. Association between the TP53 genotype and age distribution, age at diagnosis. to the arg/arg genotype (or=2.00; 95% ci 1.03-3.90). apoptosis, cell cycle arrest and cellular senescence are triggered by activated p53. These mechanisms are all beneficial for younger subjects, while such effects probably reduce longevity and augment cancer risk in elderly subjects (52) . The Pro allele is associated with reduced apoptotic potential (42, 43) . low apoptotic activity may favor cancer development due to the failure to eliminate cellular clones carrying dna damage and a propensity for inflammation, but may also protect against malignancy due to the preservation of antitumor immune cells (40). in other words, reduced apoptotic Pro allele may favor the renewal and maintenance of fragile tissues in older individuals. Thus, there is potentially conflicting evidence that the Pro allele leads to longevity, whereas it also increases cancer risk. as for the incidence of pancreatic cancer, longstanding accumulated damage due to tobacco, alcohol, ultraviolet light exposure and diet may at a certain age affect pancreatic cancer risk in elderly individuals with the TP53 72 Pro polymorphism. our results suggest that this genotype is not associated with the early onset of pancreatic cancer, but is related to its incidence among elderly individuals. The TP53 codon 72 polymorphism was not found to be associated with the clinical characteristics of pancreatic cancer, such as tumor location, tumor size, TnM stage, carbohydrate antigen 19-9 (ca19-9) level, presence of diabetes, surgery or past history or familial history of cancer among the cases.
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our results have several limitations. First, our study had a hospital-based case-control design with healthy controls recruited from two locations: the Saitama and okayama prefectures. The Saitama prefecture is in eastern Japan near Tokyo, while Okayama is in western Japan. however, the Japanese are almost racially homogenous, and genotype distribution in both populations was in hardy-Weinberg equilibrium (arg/arg, arg/Pro and Pro/Pro were found to be 44, 48 and 9% in the Saitama controls, and 44, 44 and 11% in the okayama controls, respectively). The difference between the two sources was not statistically significant (P=0.633). Second, we could not adjust for other confounding factors, such as diabetes, obesity, and the activity of tobacco and alcohol metabolizing enzymes, including cytochrome P450, aldh, alcohol dehydrogenase 1B and alcohol dehydrogenase 1c. Third, there is a possibility of a false-positive result due to the small sample size, particularly in the subgroup analyses. despite these limitations, the results provide insights into the identification of a group at high risk of developing pancreatic cancer. This study may contribute to the development of early detection strategy and the prevention of pancreatic cancer.
in conclusion, we found that the TP53 Pro/Pro genotype had a profound effect on pancreatic cancer risk among males, in particular heavy smokers and excessive alcohol drinkers. Since our study scale was small, replication studies with more samples are warranted.
